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Abstract: International students are experiencing health problems due to many lifestyle changes,
such as those in dietary and sleep patterns. We conducted this study to identify the associations
among sleep patterns, changes in eating habits after studying abroad, and overweight or obesity in
international students. In this cross-sectional study, we analyzed data on health-related variables,
changes in eating habits after studying abroad, and sleep patterns that were collected from
225 international students in South Korea. Approximately half of the participants experienced
poor sleep (47.6%). After adjusting for covariates such as age, gender, nationality, and acculturative
stress, the subjects who had poor sleep quality were 2.020-fold (adjusted odds ratio, 95% confidence
interval = 1.045–3.906) more likely to be overweight and obese than those who had good sleep quality.
There were significant differences in changes of eating habits after studying abroad according to
sleep quality (p < 0.001). When subjects were stratified into groups according to changes in eating
habits after studying abroad, the risk of overweight and obesity increased in those with poor sleep
quality but not in those with good sleep quality among subjects who had changes in bad eating habits.
However, the risk of overweight and obesity did not differ among subjects with changes in good
eating habits regardless of their sleep quality.
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1. Introduction

The number of international students enrolled in host countries is gradually increasing worldwide.
According to the data released by UNESCO (United Nations Educational, Scientific and Cultural
Organization)’s Institute for Statistics, the number of international students was 2 million in 2000 but
increased to over 5.3 million worldwide in 2017 [1]. These trends have been shown in South Korea.
Compared to a year ago, the number of international students increased by 12.6% to 160,165 persons
from 189 countries in 2019 according to statistics from the Ministry of Education for Korea [2].

International students experience environmental and cultural differences in their host country [3,4].
They might have to adapt to the environment or culture of their host [5]. Acculturation to different
environments or cultures may have adverse effects on health conditions [6,7]. In other words,
international students could experience numerous problems, including academic difficulties, different
dietary patterns, and difficulties related to socioeconomic status that could be defined as acculturative
stress. Acculturative stress consists of psychological variables and social stress, such as discrimination,
homesickness, perceived hate, fear, insecurity, stress due to change or culture shock, and guilt, all of
which can result in poor health status [7,8]. In particular, increased stress status is associated with poor
sleep [9,10].
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Sleep patterns, including sleep duration and quality, and sleep problems are related to health
status, such as obesity [11–14], cardiovascular disease [15], type 2 diabetes [11], and mental health [9].
In particular, it is well-established that poor sleep quality influences dietary quality or energy intake,
which affects obesity [13,14]. Our previous study reported that the association of insufficient sleep
with an increased risk of obesity is affected by dietary consumption [12]. Additionally, poor sleep
quality is associated with an increased dietary consumption, poor eating habits, and more irregular
dietary patterns [13,14].

Though the associations of abnormal sleep patterns and eating habits with obesity are
well-accepted [12–14], it is unclear whether these associations are similar in international students.
Scientific research on sleep and dietary patterns among international students is needed to help
properly manage the health status of the increasing number of international students. Therefore,
this study hypothesized that international students experienced poor sleep quality or changes in eating
habits after studying abroad and that these changes were associated with overweight and obesity.
To test this hypothesis, we examined sleep quality and changes in eating habits after students had
studied abroad and the relationships among sleep quality, eating habits, and overweight and obesity
among international students in South Korea.

2. Methods

2.1. Study Subject Selection

This cross-sectional study examined the associations among sleep quality, changes in eating habits
after studying abroad, dietary consumption, and overweight and obesity among international students
from October 2019 to January 2020. Before recruiting the subjects, this study was approved by the
Institutional Review Board of the Kunsan National University (IRB No. 1040117-201910-HR-018-03),
and signatures from subjects on a written informed consent form were obtained before initiating the
questionnaire and face-to-face interviews.

Study subjects were enrolled from international students at universities in the Jeonbook,
South Korea. At the time of conducting the survey, subjects were supposed to study in South Korea for
at least 6 months and had to currently live in South Korea. This study was conducted in the form of
person-to-person interviews using a developed questionnaire. A total of 233 international students
(112 men and 121 women) were included in this study.

2.2. Measures and Data Collection

The study questionnaires were designed to obtain data on demographic characteristics,
health-related variables, anthropometric variables, sleep patterns, and changes in eating habits
after studying abroad. The questionnaire used for this study was developed in South Korea and
therefore had to be translated into Chinese, English, and Vietnamese versions of the questionnaire.

Demographic characteristics, such as age, gender, nationality, length of stay in South Korea,
academic course, and conversational ability, were collected. When classified by country according to
statistics from the Ministry of Education for Korea, Asian students accounted for a large proportion
(91.9%). Additionally, all international students who answered the study questionnaire were Asian.
Therefore, the subjects’ nationality was classified as “Chinese” or “the others (Vietnamese, Filipino,
Mongolian, Cambodian, etc.).” Participants were categorized as “≤ undergraduate school (bachelors’
course) or “≥ graduate school (master’s and doctoral course)” based on their current academic course
and “≤ beginner” or “≥moderate” based on their conversational Korean ability.

As health-related variables, subjects responded to questions about current smoking, alcohol
consumption, subjective health status, and acculturative stress. Subjects were categorized as “drinkers”
or “nondrinkers” based on their current alcohol consumption status and “smokers” and “nonsmokers”
based on their smoking status. Subjective health status was assessed using a 4-point Likert scale,
and the subjects were divided into “unhealthy,” including ‘unhealthy’ and ‘general,’ and “healthy,”
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including ‘healthy’ and ‘very healthy.’ Subjects’ acculturative stress levels were measured using the
acculturative stress scale for international students (ASSIS), which was developed by Sandhu and
Asrabadi [8]. The ASSIS consists of 36 items with 7 subscales: perceived discrimination, homesickness,
perceived hate, fear, culture shock, guilt, and miscellaneous. The overall scores possible on this scale
ranged from 36 to 180, with higher scores indicating high acculturative stress.

Body mass index (BMI; kg/m2) was calculated based on self-reported body weight in kilograms
divided by the square of height in meters, and overweight and obesity were defined in accordance
with the definition of obesity in Asian populations proposed by the Asia-Pacific Regional Office of the
World Health Organization as a BMI ≥ 23.0 kg/m2 [16].

Sleep quality was assessed based on the sleep during the previous month using the Pittsburgh
Sleep Quality Index (PSQI) developed by Buysse et al. [17]. This index consists of 7 subscales, including
perceived sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleeping
medication, and daytime dysfunction. The overall possible sleep quality score ranged from 0 to 21,
with higher scores indicating poorer sleep quality. The participants were divided into “poor sleeper”
or “good sleeper” using a cutoff score of 5.

The questionnaire about changes in international students’ eating habits after studying abroad
was modified in accordance with the study by Lee et al. [18]. This questionnaire consists of 7 subscales,
including changes in the environment of dietary consumption (10 items), eating problems (10 items),
and reasons for unbalanced eating habits (5 items) after studying abroad. Responses of subjects were
scored on a 5-point Likert scale, with a score of 0 indicating “strongly disagree” and 10 indicating
“strongly agree.” The overall score of changes in eating habits after studying abroad ranged from 0 to
250, with higher scores indicating good eating habits. The Cronbach’s alpha for all 25 items was 0.735.

2.3. Statistical Analyses

All continuous variables were assessed for normal distributions before the data were analyzed.
The general characteristics according to sleep quality were examined by performing Pearson’s chi-square
test or independent t-tests. The generalized linear models were assessed to identify the differences
in anthropometrics and changes in eating habits after studying abroad according to sleep quality
after adjustment for covariates. Age, gender, nationality, and acculturative stress were included as
covariates with potentially confounding effects. The risk of overweight and obesity according to sleep
quality after adjusting for covariates was examined using multinomial logistic regression models.
After stratification by scores reflecting changes in eating habits after studying abroad, multinomial
logistic regression models were used to confirm how the effect of sleep quality on the risk of overweight
and obesity was amended by changes in eating habits after studying abroad. A p-value of <0.05 was
considered significant. All statistical analyses were performed using the SPSS (version 24.0, IBM Corp.,
Armonk, NY, USA) software for Windows.

3. Results

The general characteristics stratified by sleep quality are presented in Table 1. Approximately half
of the international students experienced poor sleep quality (47.6%) according to the PSQI. Subjects
with good sleep quality were significantly less often Chinese (p = 0.029) and graduate students
(p = 0.010) than those with poor sleep quality. In addition, subjects reporting good sleep quality were
healthier (p = 0.024) and less likely to be smokers (p = 0.016) than those with poor sleep quality.
However, no significant differences were observed in gender, age, period after studying abroad, type of
residence, conversational Korean ability, acculturative stress, or current alcohol consumption stratified
by sleep quality.
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Table 1. General characteristics according to sleep quality.

General Characteristics Good Sleeper (n = 122) Poor Sleeper (n = 111) p-Value *

Gender (men) 44.3 52.3 0.138
Age(years) 25.75 ± 5.11 27.12 ± 6.00 0.064

Length of stay in South Korea (months) 25.11 ± 13.68 24.99 ± 16.08 0.953
Nationality (Chinese) 77.0 87.4 0.029

Academic course (≥graduate school course) 50.8 66.7 0.010
Conversational ability (≥moderate) 23.8 22.5 0.473

Subjective health status (healthy) 90.2 80.2 0.024
Acculturative stress 82.55 ± 16.79 86.36 ± 16.88 0.086
Smoking (smoker) 14.8 27.0 0.016

Alcohol consumption (drinker) 75.4 83.8 0.078

Values represent means ± SD or %. * p values were calculated using Student’s t-test or x2-test.

There were significant differences observed in anthropometrics and the risk of overweight and
obesity according to sleep quality (Table 2 and Figure 1). Height (p < 0.001) and obesity prevalence
(p = 0.006) showed differences between good and poor sleepers in the crude model. However,
after adjustment for covariates such as age, gender, nationality, and acculturative stress, the good
sleepers had a significantly lower BMI values (23.14 ± 7.79 kg/m2 vs. 23.95 ± 7.51 kg/m2, respectively,
p = 0.043) and obesity prevalence (18.0% vs. 33.3%, respectively, p = 0.037), as well as height (p = 0.003)
and weight (p = 0.008), than poor sleepers (Table 2). Using the subjects with good sleep quality as a
reference, the adjusted odds ratio of being overweight and obese for those with poor sleep quality was
2.020-fold (95% confidence interval = 1.045–3.906) higher after controlling for covariates (Figure 1).

Table 2. Anthropometrics and obesity prevalence according to sleep quality. BMI: body mass index.

Anthropometrics and
Obesity Prevalence Good Sleeper (n = 122) Poor Sleeper (n = 111) p-Value * p-Value **

Height (cm) 167.14 ± 8.58 170.92 ± 6.88 <0.001 0.003
Weight (kg) 65.55 ± 25.76 70.58 ± 25.08 0.134 0.008
BMI (kg/m2) 23.14 ± 7.79 23.95 ± 7.51 0.419 0.043

Overweight and
obesity prevalence 18.0 33.3 0.006

Values represent means ± SD or %. * p values were calculated using Student’s t-test or x2-test. ** p values were
calculated using a generalized linear model adjusted for age, gender, nationality and acculturative stress.
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Figure 1. Adjusted odds ratio (OR) for overweight and obesity according to sleep quality. Data are
presented as the OR [95% confidence intervals (CI). The OR (95% CI) was calculated in reference to
good sleep quality (Pittsburgh Sleep Quality Index (PSQI) ≤ 5) using multinomial logistic regression
after adjusting for age, gender, nationality, and acculturative stress.
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The changes in eating habits after studying abroad among international students stratified
by sleep quality in the crude and adjusted models are shown Table 3. There were significant
differences in changes in eating habits after studying abroad according to sleep quality. The good sleep
quality group had a significantly lower total score of changes in eating habits after studying abroad
(103.96 ± 28.40 score vs. 120.08 ± 25.93 score, respectively, p < 0.001) than the poor sleep quality group.
Additionally, subscales of environments of dietary consumption and eating problems after studying
abroad were significantly different according to sleep quality (49.59 ± 14.75 score vs. 56.53 ± 13.89 score,
respectively, p < 0.001 for changes in environments for dietary consumption in the good sleep quality
and poor sleep quality groups and 35.12 ± 15.20 score vs. 42.16 ± 17.19 score, respectively, p = 0.001 for
eating problems), with the exception of the reason for unbalanced eating habits (p = 0.165). Among the
changes in the environment for dietary consumption, the good sleepers showed lower scores for ‘The
number of cooked meals has increased’ (3.03 ± 3.25 score vs. 3.85 ± 3.83 score, respectively, p = 0.012),
‘The time to eat has decreased’ (3.46 ± 2.76 score vs. 5.61 ± 2.66 score, respectively, p < 0.001), ‘There are
difficulties in communicating when buying food’ (2.91 ± 2.75 score vs. 3.73 ± 2.47 score, respectively,
p = 0.005), ‘I can’t eat what I like’ (4.57 ± 3.11 score vs. 6.13 ± 2.84 score, respectively, p = 0.001),
and ‘There is an economic problem’ (6.17 ± 2.82 score vs. 7.70 ± 2.29 score, respectively, p < 0.001)
than the poor sleepers. The subjects with good sleep quality showed lower scores for ‘The irregular
hours of work and rest led to irregular meal times’ (4.24 ± 2.93 score vs. 6.73 ± 3.14 score, respectively,
p < 0.001), ‘I tend to drink heavily’ (1.56 ± 2.26 score vs. 2.93 ± 3.07 score, respectively, p < 0.001), and ‘I
have increased meat intake’ (3.59 ± 2.82 score vs. 4.35 ± 3.48 score, respectively, p = 0.020) among
eating problems than those with poor sleep quality. Among the reasons for unbalanced eating habits,
only ‘I think this is because I can cook and eat food in my home country, but I can’t eat it in Korea’
(3.61 ± 3.08 score vs. 4.91 ± 3.52 score, respectively, p = 0.008) was significantly different between good
and poor sleep quality groups.

After being stratified into groups according to eating habits after studying abroad, the effect of
sleep quality on odds for overweight and obesity was assessed using a multinomial logistic regression
analysis after adjusting for covariates, as shown in Figure 2. Among the subjects with bad eating habits,
defined as above the median value of eating habits, the adjusted odds ratio for overweight and obesity
was 3.114-fold (95% CI = 1.006–9.634) higher in poor sleepers, using the good sleepers as a reference.
However, no association was observed between the risk of overweight and obesity according to sleep
quality among subjects with good eating habits.
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Figure 2. The odds ratios for overweight and obesity according to sleep quality and eating habits after
studying abroad. Data are presented as the odds ratios (95% confidence intervals). The ORs (95% CIs)
were calculated in reference to good sleep quality (PSQI ≤ 5) using multinomial logistic regression after
adjusting for age, gender, nationality, and acculturative stress.
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Table 3. Changes in eating habits after studying abroad according to sleep quality.

Changes in eating habits Good Sleeper (n = 122) Poor Sleeper (n = 111) p-Value * p-Value **

I. Change in environment of dietary consumption 49.59 ± 14.75 56.53±13.89 <0.001 <0.001
The number of food purchases has increased. 5.29 ± 3.44 5.41 ± 3.53 0.795 0.814
The number of cooked meals has increased. 3.03 ± 3.25 3.85 ± 3.83 0.081 0.012
The range of food options has been reduced. 5.45 ± 2.86 5.34 ± 3.24 0.778 0.582

There is no one who helps make food. 5.51 ± 3.42 6.46 ± 3.45 0.035 0.129
The time to eat has decreased. 3.46 ± 2.76 5.61 ± 2.66 <0.001 <0.001

There are difficulties in communicating when buying food. 2.91 ± 2.75 3.73 ± 2.47 0.017 0.005
I can’t eat what I like. 4.57 ± 3.11 6.13 ± 2.84 <0.001 0.001

I started to eat mainly Korean food. 6.99 ± 2.27 7.48 ± 2.83 0.149 0.489
There is an economic problem. 6.17 ± 2.82 7.70 ± 2.29 <0.001 <0.001

When choosing food, the influence of a friend is great. 5.39 ± 3.12 5.65 ± 3.78 0.564 0.792

II. Eating problems 35.12 ± 15.20 42.16 ± 17.19 0.001 0.001
The irregular hours of work and rest lead to irregular mealtimes. 4.24 ± 2.93 6.73 ± 3.14 <0.001 <0.001

I can’t eat well because I don’t have time. 3.18 ± 2.88 2.95 ± 3.32 0.581 0.837
I only eat when I’m hungry. 3.44 ± 2.79 3.67 ± 3.68 0.596 0.519

The number of binge eating times depending on the taste of the food has increased. 4.71 ± 3.07 5.36 ± 3.37 0.126 0.198
The number of meals skipped to lose weight has increased. 2.34 ± 2.92 3.00 ± 3.21 0.104 0.172

The number of times breakfast is skipped to binge lunch has increased. 2.85 ± 2.81 3.31 ± 3.07 0.231 0.095
I tend to drink heavily. 1.56 ± 2.26 2.93 ± 3.07 <0.001 <0.001

My vegetable intake has decreased. 3.96 ± 3.03 3.85 ± 2.97 0.793 0.798
My meat intake has increased. 3.59 ± 2.82 4.35 ± 3.48 0.070 0.020

I purchases and eat fast food often. 5.27 ± 3.34 6.01 ± 3.15 0.080 0.128

III. Reason for an unbalanced eating habits 19.24 ± 9.15 21.37 ± 8.60 0.068 0.165
I think it is because I eat alone when I am in Korea, and I eat with family at home. 4.92 ± 2.93 4.23 ± 3.07 0.083 0.071

I think this is because I can buy food easily in my home country, but it is difficult to buy food in Korea. 3.98 ± 2.65 4.55 ± 3.09 0.131 0.216
I think it’s because Korea doesn’t have access to food that I eat every day in my home country. 3.20 ± 2.56 3.60 ± 2.85 0.252 0.265

I think this is because I can cook and eat food in my home country, but I can’t eat the same foods in Korea. 3.61 ± 3.08 4.91 ± 3.52 0.003 0.008
I think it’s mainly because I eat out. 3.55 ± 2.84 4.08 ± 2.90 0.159 0.346

Total score of eating habits 103.96 ± 28.40 120.08 ± 25.93 <0.001 <0.001

Values represent means ± SDs. * p values were calculated using Student’s t-test. ** p values were calculated using a generalized linear model adjusted for age, gender, nationality,
and acculturative stress.
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4. Discussion

In this study, 47.6% of international students in South Korea reported poor sleep quality according
to the criterion of the PSQI [17]. Sleep quality was associated with obesity prevalence, BMI, risk of
overweight and obesity, and eating habits after studying abroad according to sleep quality in a model
that was adjusted for age, gender, nationality, and acculturative stress. Additionally, when stratified
according to the median value of changes in eating habits after studying abroad, a significant association
was observed between sleep quality and the adjusted odds ratio of being overweight and obese;
among subjects with changes in bad eating habits, subjects with low sleep quality showed an increased
trend in the risk of overweight and obesity, whereas subjects with changes in good eating habits did
not differ in their risk of overweight and obesity according to sleep quality.

From our results, about half of the international students slept with poor quality. These results
were similar to those of previous studies [5,19], which showed that international students, especially
Asian students, experienced more sleep problems. Additionally, our results showed that international
students with poor quality of sleep showed a higher BMI and adjusted odds ratio of being overweight
and obese than those with good quality of sleep. These findings were consistent with previous
results [11–14], which is well-accepted for the relationship between abnormal sleep patterns and obesity.
However, this relationship among international students is reported for the first time in this study.

Most international students change their dietary patterns and eating habits as they experience
dietary acculturation, which could potentially have adverse health effects [6]. It is well-established
that poor sleep quality could affect appetite or dietary habits, such as dietary quality or total energy
consumption, as well as poor eating habits [12–14], which is in agreement with our results. In this
study, subjects who had poor sleep quality showed negative changes in eating habits after studying
abroad compared those who had good sleep quality.

Interestingly, after being divided into groups according to the changes in eating habits after
studying abroad, the risk of overweight and obesity was significantly different according to sleep quality.
In particular, subjects with low sleep quality among subjects with bad eating habits showed an increased
trend in the risk of overweight and obesity. These findings did not show any trend in regard to sleep
quality among subjects with good eating habits. Generally, epidemiologic studies have consistently
shown that abnormal sleep patterns could cause obesity through changes in dietary habits [12,20].
One of the explainable mechanisms by which abnormal sleep patterns are associated with increased
appetite and dietary consumption is by reducing circulating leptin and elevating ghrelin, which may
lead to an increased risk of obesity. However, the proposed mechanism suggested by Chaput [13]
based on experimental and clinical studies is that the increased consumption of dietary energy related
to abnormal sleep appears to be driven by reinforcing hedonic stimuli rather than changes in appetite
hormones such as leptin and ghrelin. In other words, individuals who experience poor sleep patterns
show an increased tendency to overeat, especially carbohydrate-rich food, despite a feeling of satiety.
Additionally, the association between poor sleep patterns and the consumption of energy-dense
food items such as desserts or sweets, which leads to obesity, is mediated by psychological factors
such as mood and subjective stress [21]. The psychological problems experienced by international
students could deteriorate sleep quality [9,10]. These factors could exacerbate the eating habit-related
problems that may occur after studying abroad [6,7] and could lead to obesity in international students.
Conversely, these results are in opposition to few studies reported previously [22,23]. Specifically,
unhealthy dietary habits such as the consumption of carbohydrate-rich meals with high glycemic
indexes or high caloric dietary consumptions affected alterations in the sleep duration and quality.
Additionally, Spaeth et al. reported unhealthy body composition or body weight associated with short
sleep duration and low sleep quality [24]—though they could not accurately draw the causality of
the relationship between sleep pattern, diet, and obesity, the relationship between those could be
influenced in both directions.

This study was the first to demonstrate that poor sleep quality may influence overweight and
obesity status in international students, and this association is affected by changes in eating habits after
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studying abroad. However, those findings should be interpreted carefully because of several limitations.
First, the sample size, which was obtained through surveys in a small city in South Korea, was too small.
Second, to measure sleep pattern, a PSQI questionnaire, which is currently the most commonly used
tool for easily and subjectively measuring sleep quality, was used [17]. In fact, sleep quality measured
by the PSQI is weakly related to the method of measuring objective sleep variables such as actigraphy
and polysomnography [25,26]. However, the PSQI is significantly related with sleep diaries [25,26],
as well psychological and subjective stress symptoms [25,27]. Thus, although the PSQI was appropriate
to study for our hypothesis that abnormal sleep pattern could be caused by the acculturative stress that
is experienced due to the relocation from their home country location to South Korea, our findings are
needed to be clarified using methods for objective sleep quality assessments. Third, all international
students were Asian. Fourth, even in the same Asian population, dietary consumption according
to ethnic group or nationality vary uniquely, so it is difficult to convert various food consumption
patterns into nutrients. Consequently, this study did not provide quantifiable data about amounts or
consumption of diet for estimating the dietary quality. Finally, although the definition of overweight
and obesity in this study used the definition of obesity in Asian populations [16], the definition of
obesity varies by country, even in the same Asian region. In addition, BMI was used as a proxy measure
for overweight or obesity in the current study; however, additional studies using direct measures such
as waist circumference and body composition are needed. Therefore, these results may not be entirely
generalizable to international students from other countries, and future studies are needed to confirm
these results in different populations and large sample sizes.

5. Conclusions

In summary, our study demonstrated that sleep patterns are related to differences in the risk of
overweight and obesity and eating habits, after studying abroad. Additionally, among international
students with good eating habits after studying abroad, those with poor sleep quality showed
an increasing trend toward overweight and obesity compared with those with good sleep quality.
However, this relationship was not found among those with bad eating habits after studying abroad.
These findings suggested that healthy status and proper body weight could be maintained by improving
and managing sleep patterns and eating habits, which can be used as a strategy to promote and manage
the health of the increasing number of international students.
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